M ore than 34% of Americans 20 years of age and older have hypertension (high blood pressure), with prevalence increasing with age for both men and women. 1, 2 By the age of 65, women's prevalence of hypertension surpasses that of men's (65% vs 63%). 1 Hypertension is a leading risk factor for cardiovascular disease, which affects 92.1 million Americans and results in nearly $330 billion in health care spending. 1 Across both sexes, all age groups, and all ethnicities, nonHispanic black women have the highest prevalence of hypertension (46%) and cardiovascular disease (47%). 1 A metaanalysis showed a direct relationship between level of blood pressure and stroke, ischemic heart disease, and other cardiovascular causes of mortality. 3 For example, epidemiological evidence showed that systolic blood pressure differences as small as 2 mm Hg in middle-aged adults can reduce stroke mortality by 10%. 3 Physical activity is a modifiable health behavior associated with many health benefits, including prevention of hypertension, and is linked to lower blood pressure in individuals with and without hypertension. 4 Despite the known benefits of physical activity, a minority of Americans meet the recommended guidelines of 150 minutes of moderate-vigorous physical activity per week, 5 with non-Hispanic black women having the lowest prevalence for meeting guidelines (35.0% vs 50.3% for non-Hispanic black men and 50.9% for white women). 1 Thus, targeted physical activity interventions should be implemented to increase physical activity in this population at risk for hypertension.
Walking programs are an effective strategy for increasing and sustaining lifestyle physical activity, 6, 7 and women favor lifestyle interventions compared with structured exercise sessions in the gym or laboratory settings. 8, 9 Walking requires no equipment, can be done in and around the home or work place, and is cost-effective. A recent systematic review of 16 lifestyle walking programs with samples that were predominantly women revealed reductions in both systolic blood pressure (3.58 mm Hg) and diastolic blood pressure (1.54 mm Hg). 7 In the one study that reported race and ethnicity, however, only 17% of the sample was African American, 10 suggesting that we do not yet completely understand the benefits of walking for African American women.
We identified 18 physical activity interventions culturally designed for African American adults, with samples ⩾80% women. Of these 18 studies, only 6 examined changes in blood pressure. [11] [12] [13] [14] [15] [16] Interventions for these 6 studies were on average 10.7 weeks, and group-based physical activity took place in churches/faith-based communities (n = 3), community centers (n = 2), or a gym setting (n = 1). Of these 6 studies, only 2 studies found significant improvements in blood pressure at the end of the active intervention. 11, 12, 14 Furthermore, only one study examined blood pressure effects during maintenance. 11 They found improvement during maintenance but not at the end of the active intervention. However, consistent with a weakness noted in prior study reviews of physical activity interventions and changes in blood pressure, that study had high attrition. 17 Not including dropouts may have inflated the findings. More attention needs to be given to physical activity intervention effects, including lifestyle walking (walking obtained at leisure, occupational, household, transport) on blood pressure during the maintenance phase.
To our knowledge, physical activity clinical trials have not examined changes or improvements in blood pressure classifications that provide the definition of high blood pressure. The 2003 guidelines for awareness, prevention, treatment, and control of high blood pressure classified hypertension as a systolic pressure of 140 mm Hg or greater or a diastolic pressure of 90 mm Hg or greater (Table 1) . 18, 19 Findings from a recent clinical trial, however, showed persons randomly assigned to a systolic blood pressure target of less than 120 mm Hg systolic versus a target less than 140 mm Hg systolic had fewer cardiovascular events. 20 This study contributed to lowering the definition of high blood pressure. The 2017 guidelines for awareness, prevention, and control of high blood pressure now classify 120 to 129 mm Hg systolic with less than 80 mm Hg diastolic as elevated blood pressure, and 130 mm Hg or greater systolic or 80 mm Hg or greater diastolic as hypertension (Table 1) . 19 Examination of the changes based on blood pressure classifications will provide a better understanding of the benefits of physical activity.
The purpose of this secondary analysis was to examine the impact of a lifestyle walking intervention on change in blood pressure in midlife African American women from baseline through assessments at 24 weeks (end of active intervention) and 48 weeks (end of a less intensive maintenance intervention). The program included 3 treatment conditions: group meetings alone, group meetings plus personal telephone calls, and group meetings plus automated telephone phone calls. Using both the 2003 and new 2017 guidelines for awareness, prevention, and control of high blood pressure, 18, 19 the aims of these analyses are to (1) examine change in systolic, diastolic, and blood pressure classifications from baseline through 48 weeks and (2) determine if the changes in blood pressure differ by physical activity intervention condition. We hypothesized that blood pressure would decrease in all 3 intervention conditions but would decrease more in the 2 intervention conditions with telephone calls than in the group-only condition.
Methods

Design
Full details of the randomized clinical trial design from the parent study are available elsewhere. 21 Briefly, a clusterrandomized, Latin-square design in which the order of intervention delivery was counterbalanced across 6 community sites was used to compare the 3 intervention conditions. 22 The sites were randomized by the project statistician using a random numbergenerating function from Excel to create a site assignment worksheet for the 3 waves of the study (6 sites × 3 waves = 18 intervention groups). Each site received a new condition after the prior wave finished. Recruitment started February 2010 and ended October 2012, while follow-up ended October 2013. Data collectors were blinded to study allocation. Institutional review boards from 2 universities approved the study.
Setting and Sample
Described in full detail earlier, 21, 23 inclusion criteria were the following: (1) African American female; (2) between the ages of 40 and 65 years; (3) participated in moderate-vigorous physical activity less than 3 times a week; (4) systolic blood pressure <160 mm Hg and diastolic blood pressure <100 mm Hg; (5) if taking antihypertensive medication, it had to be stable for 3 months prior to enrollment to minimize potential impact on study outcomes; and (6) if diabetic, A1C < 9. Exclusion criteria were the following: (1) major signs or symptoms suggestive of pulmonary or cardiovascular disease or disabilities that would prevent regular participation in physical activity, such as walking, as determined by the Physical Activity Readiness Questionnaire, 24 and (2) self-reported history of myocardial infarction or stroke. African American women were recruited from Chicago communities where the 6 community health care sites were located. The sites were located in or bordering predominantly African American or near low-income census tracts. 25 Among retention strategies described earlier was $40 for completing each study assessment (baseline, 24 weeks, and 48 weeks) and a pedometer given to participants at study completion. 26 All participants provided informed written consent. A total of 288 women were screened eligible for the study and are included in these analyses. Sixteen women withdrew or missed the 24-week assessment (total 272), and 12 women withdrew or were lost to follow-up at 48 weeks (total 260). 21 Health problems (n = 5), time constraints (n = 5), and family issues (n = 7) were the primary reasons for withdrawal. As reported earlier, the mean age of the women at baseline was 53 years (range = 40-65). Over one third (36.8%) of the women had one child or more under age 18; just under half had a college degree or higher (49.5%); and 60.4% had a family income of less than $60 000. 21 The 28 women who did not complete the 48-week assessment were significantly younger (49.3 years vs 53.5 years, P < .001).
Intervention
The Women's Lifestyle Physical Activity Program has been described in detail elsewhere. 21 Briefly, women in all 3 intervention conditions participated in group meetings, which consisted of 5 meetings over the 24-week active intervention phase followed by a sixth "booster" meeting offered midway through the 24-week maintenance intervention phase. The manualized group meetings were facilitated by predominately African American nurses. Group meetings consisted of individual time with the facilitator to discuss physical activity goal setting and to receive feedback on progress toward goals. The goal was to increase the woman's physical activity by at least 3000 steps per day above baseline. 27 The women received an accelerometer/ pedometer to monitor their steps and entered their steps daily or weekly into an automated telephone computer-linked system for review at the group meeting. Group discussion time began with a short video featuring African American women role models demonstrating skills, sharing experiences, and sharing challenges. At the group meeting, strategies consistent with social cognitive theory, including self-regulation, behavioral rehearsal, vicarious experience, and behavioral capability, were applied systematically to overcome barriers, increase self-efficacy, and develop realistic outcome expectations. 28 Six groups (96 participants in total) received the personal call condition from their nurse facilitator between group meetings. Motivational interviewing techniques were used to help women explore and resolve ambivalence about increasing physical activity. 29 The calls were tailored to match each woman's needs, experiences, barriers, motivation, and confidence. 30 During the active intervention phase, women received 6 motivational calls; one motivational call was made before and one after the booster group meeting (total 2) during the maintenance intervention phase.
Six groups (97 participants in total) received the automated call condition between group meetings (6 calls during the active phase and 2 calls during the maintenance phase). The calls were structured to match the content and delivery of person-delivered calls and were recorded by an African American singer/actress. Each call offered a menu of selections for information. The menu of 15 topics (23 items) included ways to incorporate physical activity into daily life and the benefits of becoming more active. Options were changed to reflect information pertinent to the season of the year. At the end, women were asked to enter their next step goal and their confidence (0-10) in meeting the goal. Women with confidence below 8 were encouraged to adjust physical activity goals to increase confidence. Six groups (95 women in total) had no contact between the group visits except reminder calls for upcoming meetings and automated reminder calls to report steps in the automated telephone computerlinked system.
Measures
All women were asked at baseline if their health care provider was currently prescribing blood pressure medication for them. Blood pressure, the primary outcome for these analyses, was measured at baseline, 24 weeks (end of active intervention), and 48 weeks (end of limited maintenance intervention). Blood pressure was measured by a validated electronic BP device (Omron HEM-907XL automated BP machine), 31 with appropriate cuff size, using guidelines recommended by the National High Blood Pressure Education Program. 18, 19 Women were seated at rest for 15 to 30 minutes, and they confirmed they had not ingested caffeine, exercised, or smoked within 30 minutes. Clothing was removed from both arms, and the woman was seated with her feet flat on the floor and her arm supported at heart level. 32 Blood pressure was taken on the right and left arms. Two additional systolic and diastolic blood pressures were taken from the arm with the highest blood pressure, and the 3 values were averaged. 32, 33 Blood pressures were classified according to both the 2003 and 2017 guidelines for awareness, prevention, and control of high blood pressure (Table 1) . 18, 19 Analyses Descriptive analyses, including means and standard deviations for systolic and diastolic blood pressure (mm Hg), were done for all available data at baseline, 24 weeks, and 48 weeks. For the 2003 and 2017 blood pressure classifications, separate contingency tables were constructed for baseline to 24 weeks and baseline to 48 weeks. 18, 19 Multilevel growth models were conducted to assess change over time (baseline, 24 weeks, and 48 weeks) in blood pressure (linear models) and blood pressure classifications (logistic ordinal models). These models included terms for condition, time (coded 0 for baseline, 1 for 24 weeks, and 2 for 48 weeks), and the condition × time interaction. These models employed maximum likelihood estimation, allowing all cases (N = 288) to be included in the analyses, regardless of missing assessments.
Results
A total of 47.5% of the women reported that their health care provider currently prescribed blood pressure medication for them. Table 2 shows the means and standard deviations for systolic and diastolic blood pressure by treatment condition at baseline, 24 weeks, and 48 weeks. The average blood pressures decreased approximately 3 mm Hg for systolic and 2 mm Hg for diastolic from baseline to 48 weeks. Tables 3 and 4 show  contingency tables for the 2003 and 2017 blood pressure classifications, respectively. 18, 19 In Tables 3 and 4 , the diagonal (bold font) represents cases whose classifications were unchanged from baseline to the corresponding follow-up Table 5 For ordinal models with 4 levels, there are 3 threshold estimates. *P < .05. **P < .01. ***P < .001.
Discussion
Examination of the women's baseline blood pressures using the 2003 guidelines for awareness, prevention, and control of high blood pressure revealed that approximately 27% of the women were classified as stage 1 hypertension, while none was classified as stage 2 hypertension. 18 When using the 2017 guidelines, however, 31% of the women were classified as stage 1 hypertension, and approximately 27% were classified as stage 2 hypertension. 19 The stricter guidelines therefore classify approximately one third more women (31% vs 58%) as having stage 1 or higher hypertension.
In earlier analyses, when we used the National Health and Nutrition Examination Survey (NHANES) definition of hypertension (meeting the 2003 stage 1 or higher classification [systolic ⩾140 mm Hg or diastolic ⩾90 mm Hg] and/or were currently being prescribed antihypertensive medication by their health care provider), 34 we reported that 58% of the women participating in the study at baseline had hypertension. 35 As expected, this was somewhat higher than the 46% hypertension rate for all non-Hispanic black women 20 years of age or over (NHANES). 1 The difference is likely due to the fact that the NHANES sample included a broader age range of women. No comparative data are available for hypertension defined as meeting the 2017 stage 1 or higher blood pressure classification (systolic ⩾130 mm Hg or diastolic ⩾80 mm Hg) and/or currently being prescribed antihypertensive medication by their health care provider. 19 However, among our women meeting these criteria, the percentage with hypertension rose to 75%. Considering the high percentage of African American women at risk for cardiovascular disease and stroke due to hypertension, earlier targeting with strategies to lower and maintain blood pressure under 120 mm Hg systolic and 80 mm Hg diastolic is essential.
Consistent with findings from a recent systematic review of lifestyle walking programs that showed on average a 3.6 mm Hg reduction in systolic blood pressure and 1.5 mm Hg in diastolic blood pressure, 7 we found decreases of approximately 2.9 mm Hg for systolic and 2.2 mm Hg for diastolic blood pressure. This meets a standard, as noted earlier, that systolic blood pressure differences as small as 2 mm Hg in middle-aged adults can reduce stroke mortality by 10%. 3 Our results showing significant linear effects, but not quadratic effects, of walking on blood pressure suggest that the reason for failing to find significant effects in previous physical activity intervention studies with African American women may have been that the follow-up period was inadequate to allow for detection of mean effects. Similar to the present study, the one study that followed participants past the active intervention phase saw significant improvement in blood pressure only at the end of the maintenance phase. There are some limitations to this study. First, there were only 3 assessments (baseline, 24 weeks, and 48 weeks); therefore, the analysis is not highly powered to assess curvilinear change. Second, we did not include a no-exercise control group, limiting our ability to confidently attribute changes in blood pressure to the intervention. However, previous studies that included no-exercise control groups found no significant blood pressure change in the control groups. 7 There are also study strengths. Failure to account for dropouts was a criticism of physical activity and hypertension studies in early reviews. 17 Thus, findings yielded an overestimate of improvement in blood pressure. A strength of our study was that we included an intent-totreat analysis and statistical model that included all cases regardless of study dropout, thus providing an unbiased estimate. Another strength is that the intervention had both an active intervention phase and a limited intervention maintenance phase covering approximately 1 year. This allowed added time to observe blood pressure changes. Also, unlike many prior studies, study retention was high at the end of active intervention assessments (94%) and at the end of a less intensive maintenance intervention assessment (90%). Therefore, the study sample was adequately powered to show changes in blood pressure. As identified earlier, the women participating in this study had higher educational levels than the median for Chicago (49% vs 17% having a bachelor's degree or higher). Therefore, findings may not be generalizable to all urban-dwelling African American women. 21 In summary, this study is among the first to identify the benefits of a lifestyle physical activity intervention in reducing blood pressure using the latest guidelines for awareness, prevention, and control of high blood pressure. 19 Future studies should explore the link between intervention changes in lifestyle walking and changes in blood pressure.
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